Many natural products have been isolated from various marine organisms. These natural products, especially huge polyol and polyether compounds, are expected to be promising drug-leads. On the other hand, the accumulation of these compounds in fish and shellfish can cause food poisoning in humans. Therefore, the development of effective methods for the detection of these compounds is important from both academic and public health perspectives. We subjected palytoxin to an SDS-PAGE analysis, which is very easy, quick, and inexpensive, to determine whether this approach could be effective for detecting huge polyol natural products. Eventually, we were able to detect a band of palytoxin by SDS-PAGE analysis, which demonstrated that SDS-PAGE could be useful for detecting polyol and polyether compounds.
Many natural products have been isolated from various marine organisms. In particular, huge polyol and polyether compounds composed of a long carbon backbone functionalized by oxygen atoms, referred to as "super-carbon-chain compounds" (SCCs) [1] such as symbiodinolide, halichondrin, ciguatoxin, and maitotoxin, are some of the most attractive molecules in natural product chemistry [1] [2] [3] [4] [5] [6] [7] [8] . Recently, it has been suggested that the primary producers of such secondary metabolites may be microalgae, bacteria, and fungi, and they accumulate through symbiosis, association, a food chain, and other forms of nutrient-dependency [9] [10] [11] [12] . Because these marine organisms also contain various unknown derivatives of these well-defined toxins, it's important to improve methods for detecting SCCs more effectively to support research in natural product chemistry. The accumulation of these SCCs in fish and shellfish is becoming increasingly common due to climate change. This accumulation is of special significance when we consider the presence of substances that are harmful to humans such as marine toxins. One of these harmful compounds is palytoxin (PTX), which was isolated from a soft coral (Zoanthidae) [13] . PTX [ Fig. 1 , PTX (1): MW 2680, LD 50 value of 450 ng/kg against mice] is a large and very complex molecule with two regions: one hydrophilic and another lipophilic. PTX has an entirely unique function of converting Na/K pumps into nonspecific ion channels [14] . Recently, the Japanese government is increasingly announcing that PTX is concentrated in the body of fish such as Aluterus scriptus, Ostracion immaculatus, and Scarus ovifrons. Therefore, it is important that we identify a method for the easy and rapid detection of PTX to promote environmental health.
This marine biotoxin is currently detected through the use of in vivo assays, such as the mouse bioassay, hemolytic assay [15] , and cell toxicity assay [16] [17] [18] [19] [20] , and by chemical/analytic methods such as HPLC, LC coupled with fluorescence detection (LC-FLD) and MS/MS (LC-MS/MS) [21, 22] . These methods are highly sensitive, but require expensive instruments. The development of alternative assays for the easy, highly sensitive and rapid detection of marine biotoxins at low cost is therefore of utmost importance.
First, we considered that sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) would be appropriate for the detection of SCCs because of its low cost, simplicity, and rapidity. However, we needed to confirm whether non-proteinaceous natural products could be easily detected by SDS-PAGE analysis.
The aim of this work was to design a detection method based on the mobility of PTX in polyacrylamide gel.
The details of extraction and isolation have been described previously [23] . The marine Zoantharia Palythoa tuberculosa was collected at the shore of Ishigaki island, Okinawa. The collected Zoantharia was extracted with EtOH, and the extract was filtered and concentrated. The extract was subjected to fractionation by reversed-phase open column chromatography (ODS silica gel, EtOH-H2O). This extract contained various derivatives of palytoxin, including homo-palytoxin, bis-homo-palytoxin, neopalytoxin, and deoxy-palytoxin. Further isolation was then performed by reversed-phase HPLC (Mitsubishi Chemical, GEL CQP30; EtOH-H2O) to give purified palytoxin ( Fig. 1 ). Isolated palytoxin sample was confirmed using NMR analysis. . Tricine was substituted for glycine to enhance the resolution of small proteins [24] . Urea is important for sharpening lower bands and reducing the electrophoretic mobility of small compounds [25] . All running conditions were initially set at 50V and maintained at this voltage until the samples completely entered the separating gel. The next voltage steps were set at 150V until the bromophenol blue indicator reached the end of the gel. The gels were silver-stained using standard protocols. A peptide molecular weight (MW) marker, which include Triosephosphate isomerase (MW is 26,625), Myoglobin (MW is 16,950), Lactalbumin alpha (MW is 14,437), Aprotinin (MW is 6,500), Oxidized insulin beta-chain (MW is 3,496), and bacitracin (MW is 1,423), was selected.
A problem we faced in this study is that SCCs are not proteinaceous compounds, and if they have different mobilities than protein markers, we would be unable to characterize a target band using protein markers. Therefore, we checked whether there was a band of PTX at the position expected from its molecular weight by comparison with the protein marker. And those SCCs are polyol and polyether compounds, so we confirmed whether we could stain and detect PTX like other proteinaceous toxins in jellyfish and snakes. Furthermore, although SCCs are huge enough for candidate of drug-lead compounds, but are very small for the samples of general SDS-PAGE analysis.
In this Tricine-SDS-PAGE analysis with a purified PTX sample, we detected two bands with different molecular weights on the acrylamide gel (Fig. 2) . One band ranged from 3.5 to 6.5 kDa, and the other band ranged from 1.4 to 3.5 kDa. We previously investigated the shape of PTX by X-ray small-angle scattering (SAXS), which revealed that PTX formed an associated dimer in aqueous solution [26] . Therefore, we predicted that PTX can be detected to show two different molecular weights according to its form: 2680 for the PTX monomer and 5360 for the PTX dimer on SDS-PAGE analysis. Indeed, the molecular mass of the lower band expected using an approximate curve calculated by a protein marker was very close to the molecular weight of the monomer form of PTX. On the other hand, expected molecular weight of the upper band is smaller than that of dimer form of PTX. This result suggests that the coalescence of two PTXs increase its mobility on acrylamide gel. Then, more analysis is necessary for understanding the behavior of PTX in aqueous solution, to assign the dimer form of PTX, correctly.
Since we could assign the two bands of PTX by reference to the protein marker in SDS-PAGE analysis, we assumed that PTX could move on SDS-PAGE gel like small proteinaceous compounds. If we could guess molecular weight of an unidentified SCC with a protein marker roughly, we should be able to quickly characterize SCCs in extracts of various samples containing a toxin.
PTX is a polyol compound and does not include a polypeptide. Therefore, CBB staining was not appropriate for staining PTX (data not shown). Then, PTX has many hydroxyl groups, so we selected the silver staining method to detect PTX on acrylamide gel. The results suggested that silver staining is appropriate for staining SCCs in SDS-PAGE analysis.
In this study, we found that SDS-PAGE analysis is useful for detecting SCCs such as PTX, and that this analysis may have the possibility to distinguish the difference between monomer and dimer of PTX. We expect that further refinement of this SDS-PAGE method will enable us to separate crude extracts and more easily characterize unknown samples when used in combination with chemical analysis. 
